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ABSTRACT 
 
  The presence of recognition systems, though oft-studied and well documented in the 
eusocial insects, has been largely unreported among the spiders.  Most spider species are 
solitary and cannibalistic, such that kin recognition is not particularly advantageous, and 
most social spiders do not apparently differentiate between relatives and non-relatives.  
However, Delena cancerides, a social huntsman spider from southern Australia, is the only 
social spider known to respond aggressively to introduced non-relatives and has been shown 
to preferentially consume non-kin in starvation experiments.  It is hypothesized that chemical 
cues mediate the differentiation of related colony mates from non-colony mates, and that D. 
cancerides prefer exposure to cues derived from their natal colony to those derived from an 
alien colony.  I used a three choice olfactometer to implement an olfactory preference assay 
with D. cancerides, using the degree of exploration in the olfactometer to divide trials into 
three analyzable groups.  Movement within the olfactometer during trials was highly non-
random.  Spiders in the group characterized by exploration of both the same-colony and 
foreign-colony stimuli settled with their same-colony stimulus at the end of the trial 
significantly more than predicted by chance.  However, none of the three trial groups spent 
significantly more time in the presence of a same-colony stimulus than predicted by random 
motion.  Spiders spent significantly more time in the presence of conspecific stimuli, from 
either same- or foreign-colonies, than predicted by random motion in two of three trial 
groups, suggesting that recognition of conspecifics and the tendency to aggregate is also 
mediated chemically. 
   3
INTRODUCTION 
The study of chemical communication and recognition systems in arthropods has 
largely focused upon insects and crustaceans (Wyatt, 2003; Cardé and Millar 2004).  The 
diverse chemosensory mechanisms by which the eusocial insects identify conspecifics and 
nest- or colony-mates are particularly well documented (Hölldobler and Wilson 1990; Singer, 
1998; Gamboa 2004).  Relatively little work has explored chemical recognition in spiders.  
Generally solitary, territorial, and cannibalistic, spiders have primarily been considered in 
studies of chemical communication insofar as they utilize pheromones to attract mates and 
repress the predatory response upon meeting (see Shultz, 2004; Gaskett, 2007).  These 
studies have revealed the importance of volatile and contact pheromones to sexual attraction 
for many spider species, and that both cuticular and silk-bound compounds are produced and 
deployed.  However, few studies of non-sexual chemical communication in spiders have 
been conducted, especially among those anomalous social species in which intraspecific 
communication facilitates group living (Buskirk, 1981; Costa, 2006).  
The ability to distinguish between kin and alien conspecifics is often viewed as a 
hallmark of social evolution; it can provide important benefits to a related social unit by 
limiting the opportunity for non-relatives to exploit or take over a limited, local resource 
(Gamboa 1996).  Yet, in stark contrast to the substantial evidence for colony identity or kin 
recognition in eusocial insects, this phenomenon is rarely reported in social spiders (Darchen 
and Delage-Darchen, 1986; D’Andrea, 1987; Pasquet et. al. 1997; Evans 1999; Schneider 
1996).  In fact, the lack of a cohesive kin-group or colony identity in social spiders seems to 
apply generally to the taxonomically diverse social species (Avilés, 1997).  The vast majority 
of cooperative, social spider species maintain extremely isolated and inbred populations   4
through time; they rarely engage in competition with non-relatives, and are not under such 
pressure to evolve kin-recognition (Avilés, 1997; Avilés personal communication with 
Rayor).  Furthermore, it has been hypothesized that for species that occupy a communal web, 
the inclusion of unrelated individuals, or the fusion of colonies, does not function to decrease 
the inclusive fitness of each related individual so long as the new members of the group 
proportionately expand their share of the prey catching apparatus (Choe and Crespi, 1997).  
Oversized colonies, moreover, can relieve population pressure by budding small propagule 
groups or splitting apart (Avilés 1997).   
Only a few of the 53 documented subsocial or social spider species demonstrate an 
ability to distinguish between kin and non-kin: Diaea ergandros (Thomisidae; Evans 1999), 
Stegodyphus lineatus (Eresidae; Bilde et. al. 2001), and Delena cancerides (Sparassidae; 
Rowell and Avilés, 1995; Beavis, Rowell, and Evans 2007; Yip, Clarke and Rayor, in prep.).  
The subsocial D. ergandros and S. lineatus, and the social D. cancerides, were shown to 
preferentially consume non-kin in starvation experiments.  In a behavior so far unique among 
spiders, D. cancerides exhibited increased investigation of, and intense aggression toward, 
intruders from alien colonies (Rowell and Avilés 1995, Yip, Clarke, and Rayor, in prep). 
Possession of a communal web, which provides food, shelter, and a means of 
mechanosensory and chemical communication (Barth, 1982, Shultz, 2004; Gaskett, 2007) 
have been posited as a necessary condition for social living in spiders (Burgess, 1979; Shear, 
1979).  Delena cancerides, a large social huntsman spider endemic to southern Australia, is 
singularly enigmatic among the social spiders; it uses silk neither to capture prey, nor to build 
a home.  Delena cancerides live under the exfoliating bark of Acacia, Casuarina, and 
Eucalyptus trees, in colonies that can exceed 300 individuals (Rowell and Avilés, 1995;   5
Rayor personal communication).  The bark is held in place by short silken anchors placed 
along the peeling margin, but this is the extent of structural silk use in the species (apart from 
making egg sacs).  Because the nesting space provided by exfoliating bark is largely 
dependent on processes intrinsic to the tree, D. cancerides are unable to create or expand 
their retreats.  Acceptable retreats are limited in the field, resulting in the retreats being 
economically defendable resources that are aggressively defended from intruders (Rayor and 
Yip, in prep.).   
  Behavior within a colony is characterized by tolerance, with individuals often resting 
in close physical contact with one another.  Furthermore, D. cancerides participate in 
cooperative prey capture and prey sharing, and experience infrequent cannibalism within the 
social group.  Acts of killing or cannibalism in lab colonies are typically perpetrated by 
penultimate and reproductive females, and directed against their sisters or daughters who 
have become reproductive competitors (Rayor, per obs).  Penultimate and reproductive 
females were also found, more than any other age/sex class, to respond aggressively to 
introduced alien D. cancerides (Yip, Clarke and Rayor, in prep.).   
Given that D. cancerides are outbred (Rowell and Avilés 1995), and their colonies 
reside within foraging distance of each other (anywhere from 2 to 5 meters apart, Rayor and 
Yip, personal communication), it is reasonable to presume that individuals may encounter 
members of other colonies in their nocturnal wanderings and may occasionally return to the 
wrong colony.  The essentially finite resources of each nest site inform the hypothesis that 
kin-recognition in the species functions to increase the inclusive fitness of colony-members 
by facilitating the exclusion of non-relative invaders.  Conversely, kin-recognition could 
serve to alert a wayward foraging spider that it is not in the presence of friendly, related   6
conspecifics, but at high risk of aggression.  If kin-recognition is regulated by chemical cues 
in D. cancerides, a system of much finer conspecific recognition may be operating than 
previously described among any spider. 
  Relying on the species’ inclination to aggregate with colony-mates, a chemical 
preference behavioral assay was employed to determine whether individual female D. 
cancerides can distinguish between chemical stimuli derived from a spider or spiders of their 
natal colony, and from spiders of another colony.  It was hypothesized that experimental 
spiders would spend more time in the presence of their same-colony odor than predicted by 
random motion, and would settle in that position during the trial period.  The assay also 
afforded a simultaneous test of the hypothesis that intraspecific aggregation is chemically 
mediated, with an analysis of the time spent in the presence of a spider-derived stimulus 
versus that of the bare control.  
 
METHODS 
Husbandry— 
Entire colonies of D. cancerides were collected in the field in southern Australia 
(Australia Capital Territory, New South Wales, Victoria, and South Australia) in the spring 
of 2004 and 2006 by Dr. Linda Rayor and Eric Yip.  These colonies were transported to 
Cornell and reconstituted in the lab.  Each was housed in a 2.5 or 5 gallon glass aquarium, 
with approximately (20cm x 15cm) rectangular plexiglass panes attached with Velcro to the 
interior faces of the opposing long panels of the aquarium.  The narrow space between the 
plexiglass panes and the aquarium walls provided the spiders with an approximation of their 
preferred colony sites beneath the exfoliating bark of eucalypts, casuarinas and acacia trees.    7
A 50/50 mixture of vermiculite and topsoil lined the aquarium bottom. The substrate was 
misted weekly, and a shallow water dish in each tank was filled to overflowing several times 
per week.  The spiders received approximately 9 hours of light per day; lab temperature 
throughout the day averaged approximately 24° C.  Spiders were fed twice a week on 
crickets and flies (for smaller instars); the number of prey items presented at each feeding 
was approximately equal to the number of D. cancerides in each tank.  Colonies have been 
successfully maintained through several generations.  Mature males were occasionally 
removed from their natal colony tanks and transferred to those housing colonies taken from 
adjacent or nearby habitat at the Australian sampling sites, facilitating outbreeding in the 
population, as is observed in the wild.   
 
Study animals— 
Previous work has indicated that intercolony aggression is predominantly perpetrated 
by, and directed against, penultimate and reproductive females (Yip, Clarke, and Rayor in 
prep).  For this study, experimental and stimuli spiders were chosen from among from this 
age-sex class.  Penultimate females were preferable to mature females for experimentation in 
that they were not subject to the variety of hormonal and energetic states of courtship, 
mating, egg production, and egg and brood tending that might impact behavioral responses in 
the olfactometer.  Sexually mature females were differentiated from those that are 
penultimate by the presence of a sclerotized epigyna, a small dark circle near the anterior end 
of the ventral abdominal surface.  The changing demography of the laboratory population at 
the time of each trial limited the availability of colonies with penultimate females, thus   8
mature females were used where necessary.  When multiple appropriate colonies and 
individual females from those colonies were available, they were selected randomly.   
 
Olfactometer design and function— 
The principle apparatus used in experimentation was a three-choice olfactometer, 
composed of interconnecting plexiglass parts for easy cleaning and retrieval of spiders (Fig. 
1).  Each of three choice “arms” was a 35.6cm long, rigid translucent plexiglass tube with an 
internal diameter of 5.1cm.  The three arms converged on a triangular atrium, such that each 
arm was at a 120° angle to the others in a plane.  Each arm was closed at its outer end by an 
inserted plastic cylinder with an internal screen barrier, facilitating uninterrupted airflow and 
preventing spider escapes.  Whatman brand filter paper disks, previously exposed to a 
stimulus spider or stimulus colony (as in Evans and Main, 1993), was held in place within the 
choice arm at its outer end, pinched between the interior of the tube and the exterior rim of 
the stopper cylinder.  The atrium served both as the location where the experimental spider 
was introduced and the site where odor plumes mixed before exit from the apparatus.  The 
atrium was a five-sided figure, consisting of three walls at 120° angles to each other with 
circular cuts for insertion of the choice arms, a fixed floor, and a removable ceiling.  Affixed 
to the ceiling piece was a flexible 2cm diameter rubber exhaust tube which terminated with a 
small 12V fan that pulled air through the system.  Circulation through the olfactometer was 
characterized by slow but uniform, locally unidirectional flow (0.04m/sec), moving into the 
olfactometer at the terminal points of each choice arm, toward the center, into the atrium, and 
out of the interior through the exhaust tube.  Air from one arm did not, at any time, enter into 
either of the adjacent arms, as determined by the visualization of air flow with smoke trials   9
(using unscented incense sticks as a smoke source); mixing occurred solely, and importantly, 
in the atrium.   
The olfactometer design had several merits.  It was transparent, relatively lightweight, 
and easy to manipulate.  Disassembly, cleaning, and reassembly were easily accomplished.  
The compact interior space was intended to be conducive to natural behavior in D. 
cancerides, a strongly thigmotactic species normally found beneath exfoliating tree bark.  
The central atrium and exhaust site design prevented cross-contamination of odors among 
choice arms, while avoiding disruption of the concentration gradient of the plume by 
eliminating eddies in the airflow and the possibility of accumulation of odor far from its 
source.   
 
Experimental design— 
The protocol of each trial involved the presentation to an experimental spider of three 
distinct choices: 1) a chemical stimulus derived from the experimental spider’s own natal 
colony, 2) exposure to a stimulus derived from a foreign colony, and 3) clean air (the 
control).  The stimuli were presented on filter paper of two varieties: odors derived from a 
single stimulus spider, and those derived from a stimulus colony.  The whole colony stimuli 
were aimed at eliciting a stronger kin-recognition response due to the deposition of cues from 
multiple colony-mates.  For either category, the filter paper disks were exposed to the 
ostensible source of an olfactory cue—an isolated animal in a vial or an entire colony of 
spiders within that particular colony tank—for either 4 or 24 h.  Trials involving 24 h 
exposure of filter paper to stimuli were intended to investigate the possibility of a dosage 
effect in eliciting a response from experimental animals.  Because of the placement of the   10
filter paper inside the choice arm, the experimental spider could potentially respond to close-
range, contact chemoreceptive cues in addition to volatile chemical signals.  The potential for 
reinforcement or even supplantation of volatile cues by contact chemoreceptive cues is dealt 
with in the analysis of trial videotapes, and is described later. 
Before each trial, all components of the olfactometer were thoroughly washed with 
warm water, mild dish soap, and a paper towel.  The olfactometer was left to air-dry on a 
clean counter, and then assembled on top of a dark brown paper background covering the 
floor.  The entire assembled olfactometer was viewed from above with a tripod mounted 
Sony DV 900 digital camcorder.  The camera was set to IR night vision and programmed to 
record at intervals of 2 sec every 30 sec.   
Filter paper disks taken from vials with a single spider stimulus, or a stimulus colony, 
were inserted into the ends of two randomly chosen choice arms using clean, needlepoint 
forceps.  A fresh, “blank” filter paper disk taken directly from the box was placed in the third 
arm.  A reference “map” of the arm locations of each disk was drawn, for later use in video 
analysis.  The fan was then turned on to begin moving air through the system.  The lights in 
the room were turned off (at approximately 4:30 PM each testing day), and a 40 W red light 
bulb (suspended from the ceiling at a distance of 2.5 m from the olfactometer) was turned on, 
maintaining a level of light in the room sufficient to clearly record the movements within the 
olfactometer throughout the 4 h trial period.  The top of the atrium was then moved to the 
side, briefly interrupting the airflow through the system, and the experimental spider was 
cautiously coaxed out of its container into the atrium using the blunt end of a pair of forceps.  
Then the top was immediately returned to its proper position, resuming airflow.  The spider 
was driven over the threshold of the wall panel that connected to the control arm, so that it   11
would immediately—and almost invariably—run straight into the control arm.  This 
technique of introduction ensured that the experimental spider completed an initial refractory 
period of quiescence, following the disturbance of introduction, in an area of the olfactometer 
devoid of ostensible chemical cues from other D. cancerides.  However, the appropriateness 
of the method depends upon one (or both) of two assumptions: 1) the rapid entrance of the 
experimental spider into the control arm through the atrium, under mechanical duress, was 
not sufficient for it to assimilate any chemical information in the manner in which it would 
do so naturally, and 2) the spider’s dorso-ventrally flattened posture and thigmotaxis allowed 
it to slip into the control arm and onto its ceiling with minimal to no leg extension into the 
central mixing space of the atrium (thus limiting its putative chemosensory apparatus in 
receiving airborne compounds), especially while the fan was not pulling air through the 
system and up towards the ceiling.  The 4 h period of interval recording was then begun. 
 
Single Spider Stimuli— 
To select spiders for trials involving a single spider stimulus, a colony with at least 
two penultimate females, and another, separate colony with at least one penultimate female 
was selected from the laboratory population.  In the cases in which penultimate females were 
not available, sexually mature females that were neither gravid nor guarding eggs or young 
were used.  From the colony with at least two penultimate females, one was randomly 
selected to act as the experimental animal, removed from the colony, and placed in a clean 
plastic container.  The other female was removed from the colony as well, and placed in a 
clean vial with a disk of unused filter paper.  The penultimate female from the other colony 
was similarly removed and placed in a separate clean vial with a filter paper disk.  According   12
to the time prescribed (either 4 or 24 h) by the particular trial, the filter paper was left to 
absorb any volatile compounds or contact chemosensory cues produced by the stimulus 
spider before the assay was initiated.   
 
 
 
Whole Colony Stimuli— 
For those trials involving whole colonies as sources of stimuli, two colonies, each 
with at least one penultimate (or mature, when penultimate females were sparse) female, 
were selected.  Colonies with high population density (in excess of 20 individuals) and with a 
variety of age classes (e.g. a developing egg sac, juvenile, penultimate, and sexually mature 
spiders) were preferred.  A suitable test female was randomly selected from one of the 
colonies and placed in a clean plastic container, in keeping with the removal procedure for 
single spider stimuli trials.  A disk of filter paper was placed in both colony tanks, suspended 
from the upper rim of the tank and against the interior glass surface by a butterfly clip.  As 
previously described, the filter paper was left to absorb any volatile or contact pheromones 
produced by the stimuli spiders prior to the assay. 
 
Video analysis— 
The choice arms were arbitrarily numbered 1 through 3, and the atrium 0.  According 
to the reference map of a trial, each numbered arm was labeled in the data sheet with the 
particular stimuli filter paper disk it bore.  The location of the spider was determined by the 
location of the majority of its cephalothorax as seen on the video.  If the majority of the   13
cephalothorax of the experimental spider was located anywhere in an arm for the duration of 
the 2 sec interval, the position for the interval was scored with the arm’s corresponding 
number.  If the majority of the cephalothorax was in the atrium for the duration of an 
interval, the interval was scored a 0.  If the spider moved during the interval from one 
numbered position to another numbered position, the first position observed in the interval 
was recorded.  If the spider’s legs or body were in contact with the filter paper disk at the end 
of an arm for the duration of, or at the beginning of an interval, the interval was scored as the 
number of the choice arm occupied, followed by the letter F (e.g. 2F).  This additional 
information regarding contact with the filter paper allowed for an important distinction to be 
made in deciding which trials should be used for the analyses.  For a trial to be useful in 
presenting data about the chemical preference of an experimental spider, it must be one in 
which the spider was in fact exposed to each stimulus.  Otherwise, no preference among the 
stimuli can be posited, even, and especially, if the experimental spider spent the entirety of 
the four hour trial period in one choice arm.  This scenario only suggests that the stimulus 
was not sufficient to repel, not that it was preferred to any other offered in the olfactometer.  
For this reason, it was necessary to eliminate many of the trials from consideration when 
performing statistical analysis.  With some regularity (38% of all trials), experimental spiders 
would never emerge from the post-introduction refractory period of quiescence, simply 
sitting in the arm into which they were prodded for the duration of the trial.  The data from 
these experiments was excluded from final analysis, though the implications of these null 
trials is considered in the discussion.  It was hypothesized that if volatile chemical cues were 
indeed employed by D. cancerides in distinguishing between kin and non-kin, one transition 
from a choice arm into the atrium would be enough to expose the spider to odor plumes   14
entering from the two stimuli arms and clean air from the control, and would constitute a 
successful, and analyzable trial.  If the distinction between kin and non-kin was rather 
mediated by a contact chemoreceptive cue, a successful trial would be one in which the 
experimental spider was recorded touching the filter paper (“F” position) in each of the three 
choice arms at least once during the trial.  With the F position data, trials that fit the success 
criteria for a contact chemoreception system can be identified and analyzed apart from those 
that fit the criteria of a volatile cue system.   
 
Statistics— 
Groups of trials to be analyzed were sorted according to increasingly stringent 
movement criteria for the experimental spider.  Trial group 1 consisted of all trials in which 
the experimental animal moved back into the atrium at least once (n = 37).  Trial group 2 
included those trials in which the experimental spider moved into at least the “same” and 
“foreign” choice arms of the olfactometer (n = 28), and trial group 3 comprised the trials in 
which all three filter paper disks were touched during the course of the trial (n = 19).   
Trials in which the stimuli presented were of varying categories (single-spider/whole-
colony, 4 h/24 h) were considered together in this analysis.  Sample sizes of both 24 h and 
whole-colony trials were relatively low even in trial group 1 (n = 12 and n = 16, 
respectively), and would not afford for meaningful comparisons with the single-spider and 4 
h trials.  However, trials in these additional categories are hypothesized to only amplify the 
effects of any putative cues, and are thus not expected to behave in such a way as to mask the 
role chemical communication.  The raw data seems to bear this out.  Values for: 1) the 
proportion of time spent in the same- and foreign-colony arm, 2) the proportion of time spent   15
in the presence of conspecific stimuli, and 3) the proportion of trials in which the end 
position was in the same-colony arm, for both single-spider and whole-colony trials fell 
within the margins of error calculated for the two groups when considered as a whole trial 
group (see appendix, tables 4, 5, and 6).  In any case, it will be informative to increase the 
sample size for each category to facilitate future analyses that may be able to draw out 
differential dosage effects. 
A chi-square goodness-of-fit test with df = 2 was used to analyze both the summed 
position count data for all intervals and the end-position count data within each trial group.  
The summed position count for a trial was the summation, for each location in the 
olfactometer, of intervals in which the experimental spider was observed in that location.  
This count provided a surrogate for the proportion of time spent in the various parts of the 
olfactometer.  The end position count data was the summation of trials, for each olfactometer 
location, in which the last recorded position of the trial was that location.  This count was 
used to characterize the location settled in by the experimental spider.  Analysis of the 
summed and end-position count data with chi-square would indicate whether those counts 
were randomly distributed throughout the three arms of the olfactometer, and thus unaffected 
(or undetectably so) by the presence of chemical stimuli.   
A one proportion z-test was used to analyze the proportion of trials in each group in 
which the experimental spider was located in its same-colony choice arm at the end of the 
trial period.  The z-test herein provides the likelihood of the observed proportion of spiders in 
a trial group that settle with their own colony stimulus, given the null hypothesis value of 
33.33%.  The end location of a trial is considered a meaningful measure of the experimental 
spider’s choice of final resting location for two reasons.  Fully 83.8% of all trials analyzed   16
were those in which the last recorded position was the position maintained for the final hour 
of the trial, and 100% of trials analyzed were those in which the last recorded position was 
the position maintained for at least the last 18 minutes of the trial (see appendix).  
Additionally, in 81.8% of 12-hour preliminary trials run to refine the methodology and 
decide upon trial duration (n = 11), the position of the experimental spider at the end of the 
fourth hour was maintained throughout the rest of the 12 h trial (see appendix).  
Consequently, I reasoned that the usage of the final position at the end of the fourth hour is a 
good indicator of where the experimental spider will settle and remain for an extended 
period, indicating a preference for that location. 
A one-sample t-test was used to analyze the average proportion of time spent in each 
choice arm.  The t-test, like the z-test, returns the likelihood of an observed result given a null 
hypothesis (33.33%), but takes as its input the sample mean of the proportion of time spent.  
All tests were performed with Microsoft Excel. 
 
RESULTS 
Hypothesis 1:  Experimental spiders spend more time in their same-colony choice arm 
than predicted by random movements through the apparatus. 
Experimental spider location counts (Tables 1, 2, and 3), and thus time spent, across 
trials were highly non-random, i.e. not uniformly distributed among choice arms (see Fig. 2 
for a representative, though generally simpler, spider track in which all three filter papers 
were touched).  The chi-square
 analyses of the summed position count data for all intervals in 
a trial group showed that all trial groups exhibited significant, non-random distribution in the   17
olfactometer throughout the trial period ( trial group 1: χ
2 = 1010.72, df = 2, P < .001; trial 
group 2: χ
2 = 1490.59, df = 2, P < .001; and trial group 3: χ
2 = 370.94, df = 2, P < .001). 
The t-test results for the average percent time spent in the same-colony choice arm 
showed that none of the trial groups spent significantly more time on average in their same-
colony choice arm than the 33.33% predicted by random motion (see Table 1.).  However, 
trial group 2, in which all spiders explored both the same-colony and foreign-colony choice 
arms, approached significance (46% ± 14%, P = .052).  (Fig. 3) 
 
Hypothesis 2:  Individual D. cancerides prefer to settle near the chemical stimulus from 
their own colony; at the conclusion of each 4-hour trial, the experimental spider will be 
located in its same-colony choice arm more often than predicted by random movement 
in the olfactometer.   
Spiders in the trial group of D. cancerides characterized by exploration of both same- 
and foreign-colony choice arms tended to settle near the filter paper stimulus derived from 
their own colony significantly more than predicted by the null hypothesis.  The z-test 
analyses of the percentage of trials in which experimental spiders ended in their own colony 
arm showed that the percentages from group 2 (53.6% ± 15.5%, p = 0.012), differed 
significantly from the null value of 33.33% (Table 5).  Group 1, inclusive of spiders that did 
not explore both the same- and foreign-colony choice arms, did not differ significantly from 
the null value (43.2% ± 13%, 0.100).  Trial group 3 did not satisfy the necessary sample size 
conditions to perform the analysis.  (Fig. 4).   
Based on end-position data through the trials, spiders settled in a choice arm 
randomly based on chi-square analyses.  The χ
 2 analyses of the end-position count data for   18
trial groups 1 (χ
2 = 2.65, df = 2, P > .05), 2 (χ
2 = 4.41, df = 2, P > .05), and 3 (χ
2 = 1.68, df = 
2, P > .05), did not reveal significant deviation from random end-location.  
 
Hypothesis 3:  Experimental spiders will spend more time in a choice arm containing a 
spider-derived stimulus than predicted by random motion.  
  Random motion would predict that 66.67% of the time, experimental spiders would 
be located in one of the two choice arms containing spider-derived stimuli.  Spiders from two 
of three trial groups spent significantly more time in the presence of a spider stimulus than 
predicted by the null hypothesis, based upon the t-test for the average percent time spent in a 
choice arm with a D. cancerides-derived stimulus of groups 1 (77.5% ± 8.7%, P = 0.018) and 
2 (80.2% ± 9.1%, P = 0.006).  Only trial group 3, in which the movement criteria required 
that the experimental spider touch each filter paper, was not significant (75.5% ± 12.8%, P = 
0.115). (Fig. 3) 
 
DISCUSSION 
These experiments provide strong preliminary evidence that D. cancerides use 
chemical cues both to identify conspecifics and to distinguish colony-mates from non-colony 
mates.  Using only filter paper upon which stimuli spiders could deposit any putative 
chemical cues as stimuli, the behavioral assay showed that D. cancerides in groups 1 and 2 
spent significantly more time in the presence of a conspecific cue than predicted by chance.  
Furthermore, spiders from the more exploratory trial group 2 preferred to end the trial in the 
presence of their own colony, indicating kin-recognition by contact cue.  Studies of female 
spider sex pheromones suggest that volatile cues are more general in the information that   19
they convey, often simply eliciting positive chemotaxis in conspecific (or even congeneric 
males), while contact pheromones convey more detailed information about the emitter 
(Krafft, 1982; Tietjen and Rovner, 1982; Gaskett et. al. 2004).  I propose that a similar, 
multimodal, multi-cue system may be operating in D. cancerides.  If this is the case, then D. 
cancerides will be only the second social spider reported to mediate conspecific aggregation 
with a volatile pheromone (the first being Diaea socialis, Evans and Main, 1993), and the 
first social spider shown to differentiate, using contact chemoreception, between kin and non-
kin in non-starvation conditions.  
Firstly, experimental spiders in all trial groups moved nonrandomly within the 
olfactometer.  This is to be expected if the chemical cues on the treatment filter papers 
exerted a strong influence on the experimental spiders’ location over time.  However, D. 
cancerides from the least strictly defined trial group, inclusive of individuals that did not 
explore both the same- and foreign-arms or touch each filter paper (trial group 1) did not 
spend significantly more time in the same-colony choice arm than predicted by chance.  If 
the cue necessary to distinguish between kin and non-kin (or colony mates and non-colony 
mates) is a contact chemical, then the approximately 24% (see appendix) of the trials in this 
group in which the experimental spider failed to touch the three filter paper disks would not 
be informative about the chemoreceptive preferences of D. cancerides.  Most of these trials 
involved an experimental spider moving from the control arm into the alien arm and settling 
down for the remainder of the trial (see appendix).  However, spiders from group 1 spent 
significantly more time in the presence of a D. cancerides-derived stimulus than predicted by 
random movement.  If conspecific recognition cues are volatile, then all experimental spiders 
of group 1 would have been exposed to them in passing through the atrium just once.  Thus   20
(and consistent with the data), an experimental spider in trial group 1 could locate and settle 
in a choice arm containing the D. cancerides conspecific recognition phermone without ever 
experiencing contact pheromones from both kin and non-kin. 
Though group 3 was intended to analyze trials in which contact chemoreception was 
guaranteed, its small sample size precluded any substantive conclusions.  However, group 2 
proved to function successfully in much the same manner, given some reasonable 
assumptions.  Trial group 2 included all those trials in which experimental spiders at least 
entered both the same- and foreign-colony arms; most of these trials (approximately 68%, see 
appendix) were made up of trials in which all three filter paper disks were touched; in 
approximately 79% of the trials, experimental spiders touched both the same- and foreign-
filter paper stimuli.  Furthermore, in about 25% of the trials the experimental spider explored 
all three choice arms, but was not seen in the interval recording actually touching each filter 
paper disk.  It is possible that, in these trials, the experimental spider did make physical 
contact with each filter paper disk, but between recorded intervals.  In this scenario, group 2 
generally approximates the criterion of group 3, but with a considerably larger sample size.  
(Save for the chi-square test of summed location data, spiders in group 3 did not deviate 
significantly from the null hypothesis in any test.  The sample size was too small to even run 
the z-test for end-position count data on the group.)   
Crucially, spiders in group 2 preferred to settle in the same-colony arm significantly 
more than predicted by chance, even if the average proportion of time spent there was not 
significant to reject the null hypothesis.  However, while spiders in none of the trial groups 
spent significantly more time with their own colony than predicted by random chance, group 
2 alone was notably close to significance (see Table 4).    This preference for ending in the   21
presence of the same-colony stimulus is indicative of experimental spiders’ ability to 
distinguish between kin and non-kin through contact with the filter paper.  Finally, spiders 
from group 2 spent significantly more time with a spider stimulus than predicted by the null 
(see Table 6).   
Even for the group inclusive of trials in which experimental spiders did not touch all 
three proffered stimuli or explore the same- and foreign-choice arms, the ability to recognize 
a chemical cue produced by a conspecific, and the tendency to spend time in its presence, 
was observed.  Only when the group of trials characterized by extensive exploration and 
probable physical contact with filter paper stimuli were analyzed, was a significant 
inclination to settle in the presence of a same-colony stimulus observed.  Although a volatile 
conspecific recognition pheromone/contact kin-recognition pheromone hypothesis is 
supported by this experiment, there are some concerns regarding experimental design that 
need to be addressed.    
Though silk deposition in D. cancerides is minimal, it must be taken into 
consideration the possibility that minute amounts were deposited on the filter paper disks.  
Thus, mechanical properties of the silk may represent an alternative source of information 
(Platnick, 1971; Anderson and Morse 2001), though it seems likely that trace amounts of silk 
would bear chemical better than textural data.  To avoid this potentially confounding 
variable, pheromones can be extracted in solution and evaporated onto silk-free filter paper 
before conducting the assay (Ayyagari and Tietjen, 1986; Lizotte and Rovner, 1989; Schulz 
and Toft; 1993). 
There remains the possibility that context is important, or even essential, in the 
determination of response behavior to chemical cues.  Gamboa et. al. (1991) found that   22
female Polistes wasps were significantly more aggressive towards non-relatives when 
encountered at the nest site than when encountered elsewhere; D. cancerides might not 
respond to chemical cues in an olfactometer as they would in the field.  The fact that in 38% 
of trials the experimental spider never moved after its introduction to the olfactometer may 
evidence some degree of context dependence, or a broader problem with the experimental 
design.  However, while this experiment cannot provide authoritative evidence that spiders 
behaved naturally during the trials, there is good reason to believe that the olfactometer (and 
the introduction method as well) did not have entirely unpredictable effects on D. cancerides 
behavior: results from the trial groups support the experimental hypotheses of kin- and 
conspecific-recognition based on knowledge of D. cancerides life history and ecology. 
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Table 1.  Summed position counts for Trial group 1 
Trial Control  Foreign-colony  Same-colony 
FP1 162 16 301
FP2 2 5 471
FP3 59 45 374
FP11 474 5 1
FP14 229 248 1
FP15 2 478 0
FP16 0 419 60
FP18 0 66 414
FP21 305 169 3
FP22 23 5 449
FP24 1 479 0
FP25 10 454 15
FP26 13 106 360
FP28 21 1 458
FP31 11 9 460
FP32 1 456 23
FP33 188 131 149
FP34 477 2 0
FP35 28 445 4
FP36 2 12 466
FP37 25 455 0
FP38 440 1 39
FP39 477 0 0
FP40 12 432 36
FP43 3 403 73
FP49 2 12 466
FP50 88 0 391
FP51 29 20 428
FP52 11 31 437
FP53 228 249 3
FP55 160 317 0
FP59 4 5 469
FP60 11 464 3
FP61 99 380 0
FP62 1 478 0
FP63 151 324 3
FP74 169 11 273
TOTAL  3918 7133 6630
χ
2
1010.721791 
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Table 2. Summed position counts for Trial group 2 
Trial Control  Foreign-colony  Same-colony 
FP1 162 16 301
FP2 2 5 471
FP3 59 45 374
FP11 474 5 1
FP14 229 248 1
FP16 0 419 60
FP18 0 66 414
FP21 305 169 3
FP22 23 5 449
FP25 10 454 15
FP26 13 106 360
FP28 21 1 458
FP31 11 9 460
FP32 1 456 23
FP33 188 131 149
FP35 28 445 4
FP36 2 12 466
FP38 440 1 39
FP40 12 432 36
FP43 3 403 73
FP49 2 12 466
FP51 29 20 428
FP52 11 31 437
FP53 228 249 3
FP59 4 5 469
FP60 11 464 3
FP63 151 324 3
FP74 169 11 273
TOTAL  2588 4544 6239
χ
2
1490.589509 
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Table 3. Summed position counts for Trial group 3 
Trial Control  Foreign-colony  Same-colony 
FP1 162 16 301
FP2 2 5 471
FP3 59 45 374
FP11 474 5 1
FP14 229 248 1
FP21 305 169 3
FP22 23 5 449
FP25 10 454 15
FP26 13 106 360
FP31 11 9 460
FP32 1 456 23
FP33 188 131 149
FP35 28 445 4
FP36 2 12 466
FP38 440 1 39
FP40 12 432 36
FP43 3 403 73
FP52 11 31 437
FP53 228 249 3
TOTAL  2201 3222 3665
χ
2
370.944079 
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Table 4.  t-test results for average percent time spent in same-colony choice arm 
Trial Group  % time spent same  90% ME  df  P value 
1 37.3%  ±  11.7%  36  0.281 
2 46.4%  ±  13.7%  27  0.052 
3 40.2%  ±  16.7%  18  0.239 
 
 
 
 
 
Table 5.  z-test results for proportion of trials ending in same-colony choice arm 
Trial Group  % End/same  90% ME  P value 
1 43.2%  ±  13.4%  0.100 
2 53.6%  ±  15.5%  0.012 
    
 
 
 
 
Table 6. t-test results for average percent time spent in presence of D cancerides stimulus 
Trial Group  % time spent Spider  90% ME  df  P value 
1 77.5%  ±  8.7%  36  0.018 
2 80.2%  ±  9.1%  27  0.006 
3 75.5%  ±  12.8%  18  0.115 
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Fig. 1.  Three choice olfactometer and trial setup with tripod mounted camera.  At. = Atrium; 
Ca. = Choice Arm; St. = Stimulus; Ep. = End Piece; Fa. = Fan; Ex. = Exhaust Tube. 
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END
 
ig. 2.  Time-track of an experimental penultimate female spider in trial FP31.  Choice arm 
ll 
 
F
stimuli and control are labeled in yellow. The beginning of the trial is labeled START in 
green.  The black numbers are interval recordings describing the position of the spider at a
times in the olfactometer.  The red arrows show the direction of movement throughout the 
trial, with arrow heads corresponding to each stationary period.  The boxed END shows the
final location of the experimental spider. 
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